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OBJECTIVES
_

Since the isolation

•

or

L

reserpine b,y Bein et al (1) in 1952,

there have been numerous investigations deQling with the
and physiological properties of this drug.

pharr.~colog1cal

A good proportion of this

work has dealt with the erreets of reserpine on the function of the
s,ympatho-adrenal

~stem.

The present investigation has two primary objectives and is

theretcre divided into two chapters.
The first chapter is concerned with a study of the effects

at previous reserpine treatment on the responai veness

at

tr. adrenal

medulla to cilemical stimulation and the reactivity of the cardiovascular
sy-stem

to

this stimulation.

In Chapter two an evaluation of the responses obtained trom
different parameters ot the cardiovascular system to exogenous epinephrine and norepinephrine is :T!ade in control and reser'fJinized dogs.

vii
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HISTORY
The history of the Rauwolfia alkaloids dates back to the
sixteenth centur,y.

A German physician and botanist, Leonard Rauwolf,

at this time made an extensive stuqy of some of the old medicinal plants
that had been used earlier for treatment of various disorders.

His

pUblications aroused so muoh interest and enthusiasm that several years

later when a new genus was .added to the family Apoc.ynaceae it was called
Rauwolfia in his honor (2).

There have been about fifty species of Rauwolfia

described today, the most important being Rauwolfia serpentina.

This species

had been used extensively tor its medicinal properties tor many years in
India where it grows abundantly, and had been widely employed in Europe for
over three hundred years in the treatment of anxiety states.

However, it was

not until 1933 that Chopra, Gupta, and Mukherjee (3) reported the antinypertensive action of the extracts from this plant.
The first isolation of the alkaloid was made in 1931 b.Y the Indian
chemists Siddiqui and Siddiqui

(4).

Since that time there have been fourteen

different compounds isolated from Rauwolfia serpentina.

Of these only reser-

pine has proved to be of any clinical importance.

Mueller, Schlittler, and Bein (1) isolated reserpine in 1952 and
found it to be a diester alkaloid having a pentacyclic ring structure containing six methoxyl groups and a substituted indole nucleus (2).
Since reserpine possesses two major actions:

(1) as a tranquilizer

and (2) as an antihypertensive agent, its mechanism of action is ver.y complex
and not too well understood.
available

tod~

Consequently, a good proportion of the data

on this subject is still in the theoretical stage.

-2According to Bein (5) reserpine's action is
in origin.

entire~

central

These observations were primarily based on the fact that

reserpine relaxed the sympathetic innervated n1cti tating membrane, while
hav1ng no effect on the peripheral action

amines.

ot exogenous injected catechol

AlDo, there was no blocking of ganglion actip)n potentials alter
He concluded that the hypotensive effect was due to a decrease

reserpine.

in sympathetic tone which is centrally mediated, and that the location

of its central site of action depends on the function under :study and
the dose o£ reserpine administered since varying the dose varied the
response obtained.

However, carlsson Et al (6) and Muscholl and Vogt

(7,8) have since shown that the adrenerg j,c nerve ending transmitter.
norepinephrine. is depleted after reserpine and that stimulation ot
the

~mpathetic

nerves failed to produce a rise in blood pressure as

is seen in nonreserpinized animals.

This presi_:nted evidence for a

peripheral action of reserpine.
Brodie et al (9,10,11) have proposed a mechanism of action
for reserpine which they admit is not the complete answer, but one
which is formulated around the evidence available at the present time.

This theory includes

l~th

a central and a peripheral action tor reaerpine.

They feel that the sedation caused by

reser~')ine

is due to

a release of serotonin (S-nydroxytr,yptamine) from its ytorage sites
in the brain.

Normally. stored serotonin is in a bound form, and is

not susceptable to metabolism by the enzyme monoamine oxidase.

However,

once. liberated it is in a tree form and is metabolized immediately.

Reserpine also inhibits the cells from storing the serotonin being
~nthesized,

and an equilibrium is formed between s,ynthesis and metab-

olism resulting in a low, ccntinous concentration of free serotonin.

-3It i8 bel1.Ted by th••• investigator. that it i8 this law level of
tree serotonin that produce. the reserpine-like effect rather thaa
the depletion of the stored form .inee all experiments indicate that
o~

the free form is active.

This indirect action of reserpine ia

further substantiated b.1 the tact that reserpine is

the brain tor a tev hours while the effeets

or

o~

present in

reserpine last for

several days.
The7 further postulate that serotonin may be the chemical
mediator of Hessts (12) trophotropic center and tha. aorepinephr1ne
may be the transmitter ot his ergotrophic center.
8tea~

Therefore, the

flow ot tree serotonin continously tires the

para~athetic

center causing it to become dominant over the sympathetic center with
a resulting sedation and other typical effects ot paras.rmpathet1c activitYe
It is also known that reserpine deplete' the stores ot norepinephrine
in the brain (13), but since it 1s apparently s.ynthesized much slower than
serotonin there is no continous activation ot the sympathetic centero However, since Kroneberg and Schumann (14) found that denervation protected
to some extent the depletion of adrenal catechol amines after reserpine,
it is now thought that during the initial depletion of brain norepinephrine
that the sympathetic center is activated and

~

playa part in depleting

the adrenals of their amines.
Brodie does not teel, as others do, that depletion of brain norepinephrine plays an important role in the central action of reserpine.
This view is supported by the following evidence.

Doses of

05 -s/kg

of

SO 5171, an analogue ot reserpine, have been shown to deplete brain nor-

epinephrine without affecting serotonin levels, and there is no sedation

-4produced.

However, if 2 mg/kg of the drug is given, there is also a

decrease in the tissue serotonin levels with a resulting tranquilizat10n (11).
Brodie reels that the hypotensive action of reserpine is due
primarily to a depletion of the peripheral stores of norepi.nephrine thereby

decreasing the sympathetic tone.

Evidence for this concept is supplied

b,y administering another analogue of reserpine SO

ft

3118 (syrosingopine).

has been shown that this drug is capable of depleting the peripheral

stores of norepinephrine while having no effect on brain catechol or sero-

tonin levels (IS).

The resulting effect is hypotension without sedation.

Carlsson (16), having a different view from Brodie, believes that
the depletion of dopamine from the brain may play an important role in the
central action of reserpine.

He has found that the concentration of dopa-

mine (3,4!"dihydroxyphenylethylarrlne) and norepinephrine do not parallel
each other in the different areas of the brain, and he thereby concludes
that dopamine probably has an action other than a precusor to norepinephrine.

He has also shown that injection of dopa (3,4-dihydroxypheQ11alanin.), a
precusor of dopamine, will reverse the tranquilizing effect produced by
reserpine.

However, he admits that this action could be due to the formation

of norepinephrine.
It can, therefore, be seen that there is no clear-cut outline
for the mechanism by which reserpine exerts its action.

There have been

different and someti es opposing theories submitted, all which are supported
by experimental evidence.

However, from these theories and the work re-

sulting due to them, a specific pattern may emerge in the near future.

Trapold, Plummer, and Yonkman in 1953 studied the cardiovascular
and respiratory effects of acute reserpinization (17).

They found that

two hours after the intravenous administration of reserpine that the blood

-5-

pressure 1.n anesthetized dogs was significantly decreased.

They attributed

this to vascular relaxation since there was no significant decrease in

cardiac output at this time.
A-V

(~gen

differenco three to

There was also a s1enificant increase i.n
r~u.r

hours alter reserpi.nlzation.

This

was attributed to a decrf'ase in the venous oxygen eontentJ however, there
was no increase in oxygen consumption at thj,s time.

evidence of a vascular relaxation.

This gave further

.6.

CHAPTER 1

•

EFFECTS OF RESERPINE ON ADRENAL RESPONSES

TO NICOTINE

-7INTRODUCTION
It is now generally known that reserpine depletes or reduces
the stores of catechol amines in such tissues as brain (13), arterial

walls

(18), heart (19);

~mpathetic

nerve (20), and thl adrenal medulla.

Carlsson and H111arp (6) and Kroneberg and Schumann (21) have reported
that the adrenals of the rabbit are almost completely depleted

catec.l--tol amine stores by reserpine.

or

its

In the rat, Callingham and Mann (22)

found that after three days reserpine produced a similar percentage
loss of epinephrine and norepinephrine from the medulla, tte degree

or

depletion being approximately

50%.

Following depletion, the epine-

phrine content returned slowlY to control values within approximately
twenty-one days.

Norepinephrine levels on the other hand increased

to several times their original value within seven day. and then decreased slowly to control levels in twenty-one days.

Coupland (23)

has also reported a similar degree of depletion in the rat's adrenals.
Muscholl and Vogt (20) found that the eat's adrenals were much
less affected by reserpine than the other animals preTiously studied.

The.y state that doses up to

2.5 mg/kg caused

o~

a

innervated adrenal and no effect at all was seen in
before reserpinization.

or

50% decrease in the
~he

adrenals denervated

Maling at al (24) have also shown the adrenal.

dogs to be almost completelY depleted

or

their amines after reserpine.

The sympatho ...adrenal system is known to play a

rr~.jor

role in

maintaining circulatory balance normally and also under stresstul

stances.

c1r~

Since previous reserpine treatment depletes this s.ystem of its

-8stores of chemical mediators, it would seem that this system would beoome
ineffective or at least less respcnSive depending on the degree of depletion

ot epinephrine and noreptnephrine. However, a question

Which has

not been

adequately studied is whether secretion of adrenal ca.techols, at rest and

in response to stimLlation, is diminished in-proportion to the reduction
in tlssue concentrations ot these amincs.

Kroneberg and 3chumann (21)

found that in rabbi ts the restinjj concentrations of epine;:-J1rine in adrenal
vein blood remained at 50% of normal when the adrenals were nearly completely

exhausted by reserpinization.

'fheretore, the ability of the medulla to

store the amines may be inhibited without a parallel inhibition in the

synth:::sis.

However, earlier reports from this laborator,y(26) and also a
rece:1i> article by Schaepdryver (27) have shown that cardiovascular responses

to a.drenal medullary stimulati on wi th nicotine are not aic:nificantly altered
by prey:] Qua treatment with reserpine.

These reports indi eate that the

adrenals are still able to respond to st1.mulation.

The present series of experiments vas designed to further study
the effects of previous reserpine treatment on (1) the responsiveness of
the adrenal medulla to nicotine stimulation and (2) the reactivit,r of the

cardiovascul;:r system to the endogenously liberated catechol anrl.nea.

ME.'THODS

All experiments in this chapter were performed on open-chest

bilaterally vagotomized dogs.

The control dogs were anesthetized with

30 mg/kg ot pentobarbital 8odium. intravenously, while the reserpin1zed
dogs, being more sensitive to the anesthesia, were given o~ 1$-20 mg/kg.
Both groups were given supplemental doses as needed to maiDuin a surgical

Reserpine was administered intralT1U8cularly and dai:q

stat. of anesthesia.
dosages varied from

.05 mg/kg to 1 mg/kg or body weight over a period ot

one to seven days.

However, most of the animals were given .1 mg/kl tor

two oonsecutive days.
Constant poa1t1ve pressure respira't1on was maintained by a Bird

motor-driven, interrupter type reaplrator using room air tor ventilation.
mood pressure was measured by a Statham transducer through a polyethylene
catheter which was placed in the right carotid artery.

The chest was opened

by' a mid-line inc1s1on, and d1 anges :1 n heart contra etU. force were measured

by" means of a atrain gauge arch sutured directly to the ntYocardium or the

right ventricle (28).

Description of the strain gauge arch and the physio-

logical ractoM governing ita use have been reported previously (29,
Both blood pressure and heart torce

measurement~

30).

were 8llB.lyzed and recorded

by a strain analyzer and direct writing oscillograph from the Gras. Instrument

Co.

Plasma levels ot epiner.hrine and norepinephrine were determined b7 the

tluor1metric method

or

Weil-Malherbe and Bone (Jl) as modU'ied b1 Richardson

at a1 in this laberatory (32).

This method has been shown to be extremely

sensitive in that levels ot epinephrine of .2, microgm/1iter of plasma and

.$ mio:-ognV'liter of plasna of norepinephrine can be measured with accuracy.
Also, this method possesses approximately a 90% recovery rate.

The validity

-10.

of this method has recently been analyzed qy Manger et al (33).
samples were drawn from

8.

Blood

polyethylene catheter placed through the right

fennral artery into the abdominal aorta.

The catheters were placed at

approximately the same level in all experiments so as tc obt,ain an even

mixture of blood in each case.

syringe containing

Fifteen ml of blood W'a.s collected in a

5 ml of a non-fluorescent anticoagulant (sodium fluoride

2% and sodium thiosulfate 3%).

The plasma was ttlen extract,~d after centri-

fugation and the amine levels determined.

Ten control and

25

reserpinized dogs were given intra-aortic

injections of 10 and 20 microgrr/kg of nicotine administered as a .01%
solution of the alkaloid.

The nicotine injections were made through a

polyethylene tube placed through the left femoral artery into the thoracic

aorta to a point just above the orjgin of the adrenal arteries.

the catheter tip near the apex of the heart.

This placed

To insure proper placement,

the catheter was measured before placement and palpated after the placement.
In some instances the cathet'·er t-las located by autopsy at the end of the

experiment as a last check.

Woods and Richardson, in this laboratory

(34),

have shown that the doses used in these experiments (10 and 20 microgm./kg)
produce little or no effect when injected intravenously or
in adrenalectomized animals.

intra-aortical~

The responses obtained after the injection

of nicotine are therefore due to direct stimu.lation of the adrenal medullae.
In 12 control and 22 reserpinized dogs, the right and left sympathetic chains were stimulated electrically in the region of the stellate
ganglia so as to include the cardio-sympathetic nerves to the heart.
force and heart rate responses were recorded.

Heart

The stimulation was accomplished

Qy an electronic stimulator from the American Electronic

Co.

-11-

RESULTS

Nicotine is known to

st1m~late

the adrenal medullae resulting

in a discharge of epinephrine (25), and was therefore used in the present

experiments to measure the effect ot

re~erp1ne

treatment on the respon-

siveness of this gland.
Table 1

sum~ari zes

the responses obtained after Ct(;rrJ.nlstration

of doses of 10 and 20 m1crogm/kg of nicotine intra-aorticall1.

According

to Brawn (35) J the dose response curve tor epinephrine and norepinephrine
18 best expressed as a rectangular hYPerbola.

Therefore, two doses of

nicotine were administered to assure that the responses obtained were
not on the plateau ot the curve thereby being maximum.

Thi. eliminates

aqy pOSSibility that aqr ditterences in responses mdght be missed due
to the responses in eitber r.r ;,otJ1 groups being maximum.

On measuring the heart contractile force response to the 10

micrognVkg dose of nicotine, a mean rise of 86.6% ( .... SE 14.39) above control

was found in the control dog, and a mean response of 99.6% '~12.07) in
the reserpinized dog.
significant using the
responses followed

8

These differences were not found to be statisticallY

"t"

test as described qy Snedecor ()6).

similar pattern.

trations of epinephrine and

However, on measuring plasma concen-

nore~)inephr1ne

from blood samples drawn at the

peak of respon.se. it was found that the mean level
(t

4.5) m1crogm/liter ot plasma.

Blood presaure

or

epiner.hrine was 15.6

in the control dogs while the mean level

in the reserpinized animals was only 4.7 (!1.4) microgm/liter.
difference was h1grly significant (p <: .01).

Th12

Norepinephrine levels were

not lound to be Significantly altered.
A similar pattern of responses followed injection of the 20
micrognv'kg dose

or

nicotine.

The mean heart force response being 135%

-l2-

TABLE 1

.....

L

••

Adrenal Medullary stimulation Produced

Etr

Nicotine in Control and Reserp1ni..d Dogs.
I

Nicotine
.' no.age
!

Heart Force
% Increase

ugm/kg

EPInephrIne

Norep1nephrine

ugmfiiter of pta.rna
•

86.6

15.6

3.$

120 ( 6)

137.5

46.6

8.8

'10

(18)

99.6

4.7#

2.5

20

(16)

153.0

14,8#

4.7

i10 (10)

Control

Reserpinized

4-

NUniber

*

I

at experiments in parentheses

'Significantly difterent from control response (P, .01)

-13(t35.9) above eontrol in the control dogs and 1$3% (118.7) for the
reserpinized dogs.

these responses

Again, there was no significant difference between

(P~.l).

Figure 1 shows a tracing taken from a typical

experiment in which a dose of 20 microgm/kg of nicotine was administered.
From this tracing the similarity in heart force and blood pressure responses
between the control and reserpinized dogs can be seen.

Again, as was seen

with the 10 microgmlkg dose, the plasma levels at epinephrine, after 20
microgm(kg of nicotine, in the reserpinized dogs were much less than those
seen in the control animals.
respectively.

The means being

14.8 (! 3.08)

and

46.6 (!

10 0 1)

The norepinephrine levels again were not significantly altered,

although there is a relatively large difference between the means o
Figure 2 summarizes graphically the responses obtained with
both doses of nicotine in the control and reserpinized animals.
Table 2 shows that the plasma eoncentrations of both of these
amines are significantly reduced in the dogs pretreated with reaerpine.

Cotton has Shown that stimulation of the

cardio-~athetie

nerves results in a marked increASe in heart contractile forOt with a
moderate incre.se in blood pressure (37).
effects

or

reserpine on the

In order to show further the

~patho-adrenal

system, the right and left

s.ympathetic chains in the region of the stellate ganglia were electrically
stimulated in 12 control and 22 reserpinized dogs.
rate changes were recorded.

In each case the voltage was increased. stepwise

until a maximum response was obtained.
the range of

50

~o

100 volts.

Heart force and heart

In most instances this occurred in

The stimuli were applied at a rate of 20 per

second with a duration of 20 milliseconds.

Figure 3 shows a typical tracing

-
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TABLE 2

Compari.on of the Resting Levels of Epinephrine and Norepinephrine
In Control and Reserpinized Dogs.
Mean

Value. - S.E.

Plaema Amine Level. in Microg~Liter
Norepinephrine

Control (18) *
Reserpinized (37)

*Number

Epinephrine

.74
.11

1.06
.01

(p c .01)

at experiments in parentheses.

.42

.os

(p c: .025)

in which

So

volts were applied to the right sympathetic chain.

It

can be seen that the inotropic response is greatly reduced, and the
heart rate is practically at control levels in the reserpinized dog.
The failure of the heart rate to increase after reserpine corresponds
with previous results reported b.Y Trendelenberg (38).

In the 12

control dogs studied, the mean percent increase in heart force was
found to be 113.9% with a mean increase in heart rate of 29.7%.
This was compa.red to a mean increase in heart force in 2'2 reSe: 'pini zed

dogs of

35.6% and a 4.6% increase in heart rate.

parisons were found to be Significantly different

Both of these com-

(pc.olt.

It va.

also found that there was no consistent relationship between the response obtained and the side stimulated in either the control or the
reserpinized animals.
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DISCUSSION
The pre ••nt experiments were designed to study the .rfects

or

pretreatment with

re~erpine

on the responsiveness ot the adrenal

medulla when stimulated chemically with nicotine.

Since reserpine is known

to greatly diminish the stores ot catechol aminee in the adrenals,. one

might expect the respons1.veness of this gland to be diminished -proportionately.

However, earlier reports trom this laboratory (26) and

alao a recent art:J.,cle by Schaepdryver (27) have shown th.t carciio-

vascular respon•• s to nicotine stimulation are not significantly
altered b.Y preTioue treatment with reserpine.
that. only the storage capaci ty

~

These cbservat1on. suggest

the adrenala is reduced while the

ability to s.ynthe.1ze and release the amines after stimulation ia
not arrected.

Our results indicate that the ability or the adrenal

gland to release the catechol amines is significantly reduced atter
reserpinization as is indicated by the smaller incrementa in the plasma
epinephrj.ne levels in the reserpinized dogs after nicotine stimula'tion
(Fig. 2).

to levels

Since cardiovascular responses normally are proportional

or

such as heart

amines. it would be expected that change. in parameter.

r oree and blood pressure would also

reserpinized dogs.

to

be less marked in

However, in the present experiments there was found

be no significant changes in heart foree responses between the

two

grou·;a (Fig. 2).
It appears then that the cardiovascula.r 5Yatem ls able to com-

pensate tor this diminution in adrenal responsivaneaa.

The meChanism

by which this compensation occurs is not known, but it would aeem logical,

in. view 01 the evidence available, that the cardiovascular

~stem ~
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become sensitized to the amines that are released.

This possibility has

been studied and will be presented in the next chapter of this paper.
From the information available at this time, it appears that
the

~athetic

nerves per se of the dog are almost completely inactivated

following reserpinization.
has been reported that the

These assumptions seem reasonable since it
~mpathetic

nerve endings are depleted of their

stores of norepinephrine (20), and Carlsson has shown that stimulation
of these nerves fails to produce a rise in blood pressure and that there

is no increase in the plasma amine level after nerve stimulation in reser·
pinized animals

(39). Also, Trendelenberg has reported that the normal

heart rate incr.ment seen during cardia-sympathetic nerve stimulation

is inhibited by resf:rpine (38).

This observation has been confirmed by

our results, and we have found also that t he heart force increments ohMtained during stimulation are markedly reduced or inhibited after reserpine

(Fig. 3).
Therefore, since the function of the sympathetic nerves is greatly

impaired and the ability of the adrenal medulla to release amines when
.

-.tit

stimulated is likewise reduced, it would seem t Lat a study of the effects

or

reserpine on the ability of the body to withstand stressful situations

in which the s,ympatho-adrenal

~stem

plays an

i~ortant

role would be of

great significance.
Richardson et al (40) have shown that upon administering certain
volatile anesthetic agents such as ether, chloroform and vinethene a significant increase in plasma levels of catechol amines occur both during
surgical levels of anesthesia and also upon emerging from 8.nesthesia.

However, at the same time, there was no elevation in such parameters

a8
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heart force, heart rate and arterial blood pressure, and in some
instances these parameters were actually decreased.

indicate that the sympatho-adrenal system plays an

These results
i~portant

role in

maintaining circulatory homeostasis during the administration of these
agents.

It is also known that these anesthetic agents have a markedly

depressant action on the isolated heart.

Therefore, an animal that had

been previously treated with reserpine would logically have less defense
against this depressant action.

Coakley et

~l

(41) reported that patients

on reserpine therapy are prone to become hypotenSive when anesthetized,

and they suggest that when possible the drug be with-held for two weeks prior
to surgery.

This report has also been substantiated by personal communication

with other anesthesiologists.

Other data from thi. laboratory

(42), indicates that

anima18

on cardio-pulmonar.y bypass secrete large amounts of epinephrine

when the flow rate of the pump is decreased to a
level.

signi£ic~ntly

low

At this time the s.rmpatho-adrenal S,1stem plays an important role

in tr.ying to maintain circulation until higher flows are

re.t,~rfd.

Similar

releases of eatechols have been reported during hemorrhagic hiIJotension
by Watts (43) and also by Walton et al in this laboratory (4U).

is another stressful situation in which
have been reported

increase~dllevels

Hypoxia

of epinephrine

(45).

Gazes et al (46) have shown that the plasma levels of norepinephrine are substantially elevated after myocardial infarction and during
exercise in patients having angina pectoris.

Richardson et al

(47) have

subsequently shown a similar rise in dogs following experimentally induced

infarctions.

Some investigators have suggested that

~mpatho-adrenal

substances liberated during necrosis of cardiac muscle following infarotion
mq act as local excitatory factors

to produce arrhythmias (48).

However, in

a previous stuqy from this laboratory no indication of localized increments
of catechol amine. in the If\Yocard1um was found after infarction..

the norepinephrine content

the n{jrmal tissue (47).

In fact,

ot the ischemic areas were actually less than in

Mating et &1 (24) have also recently shown that

reserpinized animals in which heart stores of norepinephrine are depleted also
ex~ibit arr~thm1as

atter experimentally induced infarctions.

They also reported a

higher mortality rate in reserpinized dogs after coronary occlusion than 1s
seen in non-reserpinized animals.
laboratory.

This observation has also been made in thi8

Therefore, it seems quite possible tha t the release of norepine-

phrine in these cases may play an important role in maintaining homeostasi s dur ing
this period of strees.
Preparations are now being made to stlldy the effects reserpine will

have on animals faced with the above stressful states.

SUHMARY

The responsiveness of the adrenal medulla was

mea~~red

in

oontrol and reserpinized dogs by intra-aortic injections of nicotine.
The results show that increments in plasma levels of epinephrine are

markedly reduced by pretreatment with reserpine.

However, increments

in heart force and arter tal blood pressure IT oduced by adrenal stimula tion,
which normally vary proportionally to tb e catechol amine levels, are not b'1.g-

n1tlcantly altered following reserpine.

Therefore, the cardiovascular aystem

compensates for this diminution in catechols J and 1 t 1s suggested that this

compensation may be due to an increased sensitivity to the amines that are
present.

This problem will be studied in more detail in the next chapter.
It ha s also been shown that the heart tor ce and heart rate responses

to electrical stimulation of the card1o-s.ympathetic nerves are also markedly
reduced after reserpine.
Another observation made is that the resting levels of both
epinephrine and norepinephrine are
dogs.

~gnificant~

reduced in reserpinized
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CHAPTER 11

-

EFFECTS OF RESERPI'NE GN CARDIOVASCUIi, R RESPONSES
TO EXOGENOUS CATECHOL M-fINES

-25INTRODUCTION
T

It was found in chapter 1 that the ability of the adrenal medulla

to secrete epinephrine after nicotine stimulation waS

significant~

reduced

after reserpinization, but that heart force and blood pressure responses
obtained from this reduced level were not significantlY different fram
responses obtained in control animals when plasma epinephrine levels were
much higher (Fig.2).

From these observations, it appeared that the ear-

diovascular s.ystem had become sensitized to

t~

epinephrine that was present,

thereb,y compensating tor the diminution.
Since other investigators had reported an increase in the blood
pressure responses to epinephrine and norepinephrine in reserpinized dogs,
we were prompted to carry out a detailed study on the effects of reserpine
on the reactivity of the cardiovas cular system to exogenous epinephrine

and norepinephrine.
This study was di vided into two sections.

Since the mean heart

force response to the 20 microgm/kg dose of nicotine was approximately
150% above control (Table 1), one series ot experiments was run in which

epinephrine and norepinephrine were infused into control and reserpinized
dogs until the heart contractile force was increased to

150%

above control.

Blood samples were then drawn and the plasma amine levels measured to determine the concentrations necessar.y to produce these increments.
provided a measure

or

This method

sensitivity in which the plasma concentrations of

aDdnes producing the response should be in the same range as those obtained
during ni cotine stimula tion.
In order to obtain a more quantitatiye study of sensitivity,
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a series of experiments was run in which a wide range of doses of both

epinephrine and norepinephrine were injected into control and reserpinized

dogs.

A comparison of responses to such parameters as heart contractile

force, blood pressure and area of response were then made.

-'?7METHODS

Infusion, Experiments
A series of experiments was run in wtdch control and reserpinized

.004%

dogs were infused with a

solution of commercial epinephrine (Suprarenin)

and norepinephrine (Levophed) until the heart contractile force was increased

to 150% above control.

The infusions were accomplished by means of a stan-

dard infusion apparatus connected to a polyethylene tube placed through
the femoral vein into the abdominal vena cava.

Heart contractile force

and plasma amine determinations were measured b.f the methods described
in chapter 1.

The preparation of the animals vas. also similar to those

used far the nicotine stimulation experiments.

In ever.y case the reser-

pinized animals received .1 mg/kg of reserpine (Serpasil) intramuscularly

tar two consecutive

d~s.

Another group consisting of

S reserpinized

and

4

control dogs

were infused with epinephrine until a heart contractile force of 100%
above control was obtained.

In this series, all the conditjons were the

same as the previous group except that the infuBiono were accomplished
by a pre-calibrated, electric-powered syringe driver.

This instrument

maintained a constant infusion and allowed an accurate measurement of the

infusion rates.

Dose Response Experiments
A total of 6 reserpinized and
of

.05,

.1,

.5,

5 control dogs were given

dOles

and 1 microgm/kg of epinephrine and norepinephrine.

force, blood pressure, and areas of response were then measured.

Heart

The .0,

and .1 microg~kg dose of the pressor amines were administered in a .01%
solution, while the

.5

and 1 microgm(kg doses were given in a .1% solution.

-2BThese concentrations maintained the volume of fluid injected approximatelY
between

.5

and 1 ml.

The area of response was measured by a precision

rolling-disc planimeter manufactured by the Keuffel and Esser Co.
Since in all the previous experiments there had been a separate
set of cnntrol and reserpinized dogs, it was decided to perform a series
in which each dog was used as his own control.

dogs would be given the

For example, two normal

4 doses of epinephrine and

cribed in the above series.

norepinephrine~a8

des-

However, only blood pressure measurements

were made since these were chronic experiments.
in place and taped to the dog's leg.

The catheters were left

One of the c:bgs would then be given

.1 mg/kg of reserpine intraImlscularly for two days, and on the third day

the same procedure would be carried out as before.

In this way comparisons

could be made b,y comparing the response obtained in one of the dogs before
and after reserpine, thereby using him as his awn control.

B,y comparing

the responses obtained from the control dog both days, it was possible
to see the effect that time had on the responses obtained.
dogs, chemical vagoto~ was performed by administering
sulfate every hour.

.5

In all of these
mg/kg of atropine
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RESULTS

Infusion

~eriment.

Table J summarizes the mean plasma amine levels obtained trom
a total 1£ 17 control and 13 reserpinized dogs in which epinephrine and
norepinephrine were infused until the heart contractile force had risen

to a level of 150% above control.

The mean plasma level of epinephrine

in the control dogs infused with this amine was found to be
microgm(11ter of plasma.

2S.L (!2.3

SE)

This was compared to a mean level of 12.8 (2.1)

microgm(liter in the reserpinized dogs.

statisti cally 5ignifl cant (p c:: .05).

This difference was found to be

Similar results were round when

norepinephrine was used to increas€ the torce of contraction, the mean
level in the control dogs being 29.1

(! 3.7) microgm(liter

as compared

to a metn level of 13.2 (tl.4) m1crognV11ter in the reserpinized dogs.

In each case, after the contractile force had increased to

150% above

control, a period of one to two minutes was allowed to assure the stability
of the response before the samples were drawn.

Poole and Watts (49) have

shown that on infusing large doses of epinephrine (S microg~kg/min.)

that the blood level of epinephrine reaches a maximwn con.-ntration after
approximately 10 minutes of infusion and then levels orf o"ler a period

ot at least 3 hours, thereb,y forming an equilibrium between the amount
infused and that removed by metabolism, absorption or adsorption.

They

also report that the blood pressure response to the infused epinephrine
reaches a peak almost immediately and then begins to decline.

Thrower at

a1 (50) in this laboratory have also shown that blood pressure and heart
force responses become refractory after prolonged infusion of norepinephrine.
They have correlated this wi th an increasi ng meaabolic acidosis which they

attribute to the increased ,formation of lactic acid.

There£ore, in most
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TABLE 3
d. . . .d

Plasma Catechol Amine Levelf in Sormal and Reserpini!lled Dogs

During Infusion of Epinephrine and Norepinephrine in Doses
Capable of Increasing Heart Contrclctil.e Force to 1,0%
Above COI.ltrol

Values _ l4ean

s. E.

Epinephrine

--

Normal

Norepineplll"ine

microgms/liter of plasma
.,-.u.

25.4

(11 dogs)

2.3

l"~"""""

29.1

(6)

).7
-~

Reserpinlzed*

12 .8

2.1

( 8) p ( .0,

13.2

1.4

(5)

p~.Ol

*Reserpine, 0.1 mgm/kgm 24 & 48 hours prior to experiment.

_11_
j~

of our experinents a second sample was drawn 2-3 minutes after the first

to assure that our plasma levels were

~table

at the time of sampling.

In every case the second sample was in close relationship with the first.
In a fev instances a third sample was drawn atter approximately ten m1nutea
and no sie;"1lificant difference in the levels was seen.

At trJ.s time there

wal, however, some decrease in the heart force and blood pressure responses.
This corresponds well with the works cited above.

Since the infusions in the above series were accomplished b,y
a standard infusion apparatus, the infusion rates varied with changes

in arterial pressure.

This decreased to some extent the accuracy in cal-

culatiqg the infusion rates.
stable during tlJis time.

or

However, the blood pressure was relatively
even greater significance is the fact that

the drip rate was usually very rapid and therefore it was very difficult
to count the drops accurately.

Since it was important to see if the lower

plasma levels of epinephrine obtained in the reserpinized dog. were actually

due to a decrease in the amount infused or to an increase in metabolism
ot the amines, another series was run in which the infusions were cBrried

out b.1 a pre-calibrated, electric-powered s,yringe driver.

Tl

ia machine

maintained a constant infusion rate and allowed for accurate measurements.

In this serlesthe heart force was

o~

raised to 100% above control.

This enabled a wider comparison of responses.
series are summarized in Table

The results from this

4. As was seen l.n the first experiments,

the mean plasma epinephrine level in the reserpinized dogs was significantly

lower than that

or

the control 00158.

It was also found that the infusion

rates were also significantly less in the reserpinized dogs

(p~.Ol)J

mean value being less tlBn half that obtained tor the control animals
(Table

4).

the

'fABLE

4

Plasma Epinephrine Levels And Infusion Rates In Normal and Reserpinized Dogs
During Intusi0n of Epinephrine In Doses Capable ot Increasing the Heart Force
To 100% Above Control.
Values .... ~
S.E•

.- .. .. Control
Reserpinized

Rate ot Infusion#
.

Epinephrine*

12.37 (4
4.30

dogs)

4.42 (5
2.57

dogs)

p<.05

*Plasma. level s in mi crogm/li ter.

'Infusion rates • mlcrogm/kg/min.

.43
.31

p,.Ol

-33Dose Response E!Periments
In order to obtain a more quantitative analysis of

aens1tivl~YJ

another study was made in which graded doses ot epinephrine and norepinephrine were administered to control and reserpinized dogs, and compar18ons
were made on such parameters as heart contractile force, area of the

contractile taree response and arterial blood pressure.
Table S summarizes the comparison between heart force responses

obtained from

.5,

~

oontrol and

and 1 microgm/kg

6 reserpinized

dogs using dosages of

.05,.1,

ot epine:,hrine and norepinephrine. The changes are
From this table it

measured as percent increase from the control value.
can be seen that in every

ca.~.

the responses were significantly higher

in the reserpinized dogs.
Table 6 shows the resul ta obtained from measuring the area ot

the heart force responses with a precision roller. disc-type planimeter.
These measurements were obtained

l)1J

trol level through the response to

returned to control levels.

Ii

drawl.ng a straight line from the conpoint at whi ch the heart force had

The planimeter was then used to measure the

area above the control line. therefore a measurement of the actual response
was obtalned.

'lbe values in table 6 were obtained by measuring the area

of response in millimeters, dividing by the control height in millimeters

and then multiplying by a factor of 100 which increased the size of the

numbers, thereb,y enabling easier handling of the data.
from table 6 that the

.()5

It can be seen

micrognv'kg dose of epinephrine and norepinephrine

did not produce responses in the reserpinized dogs that were
different from those obtained in the control dogs.

signiticant~

Fbwever, wit,h the

TABLE,

Comparison of Percent Heart Force Increases In Control and Reserpinized Dogs
After Intravenous Injectic:rs of TJarying Doses of Epine;Jhrine and Norepinephrine.
Values .. Mean

s.r.

Percent Increase In Heart Contractile Force
Epinephrine

Norepinephrine

BOse

?e'kg

C,ontr01

(5)*

.

Reserpinized (6)

.os

14.0

27.0

3.8

3.1

.10

23.5

5S.0

3.8

.50
1.00

p

Control

Reserpinized

.0S

9.8

4.0

21.6
1.6

.01

.01

20.2

38.6
2.9

.01

80.3
6.2

143.2

.01

102.2

195.8
24.0

3.7

3.7

97.0

IB3.7

10.2

18.0

125.2

229.2

11.8

23.9

*Number ot experiments in parentheses.

,

.05
.01

9.6

p"

12.0
.01
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TABLE 6

Comparison ot the Areas* ot Contractile Force Responses In Control and Reserpinized
Dogs After Intravenous Injections of Varying Doses of Epinephrine and Norepinephrine.
Values _ s;r.
Mean

Norepinephrine
Doae

ugm/kg

Control (5)'

Epinephrine

R~serpinized

(5)

P

c

Control

.14

.25

.04

.37

.05

.0,

.01

.59

2.67

.01

.01

1.03
.21

.3.60
.62

.01

.25

.25

.16

.04

.49
.09

.01

.16

.50

1.07
.18

3.13
.01

1.00

1080
.2.3

5.00
.66

.0,

.10

*Ar

.18
.10

.06

2

Area of Force Response in MM 100
ea •
Control Height in M11

HNumber of Experiments in Parentheses

Reserpinized Pt:.:;

.11

.04

.13

.02

.51

larger doses the responses to both amines were significantly larger in
the reserpinized dogs.
The results obtained from comparing the blood pressure responses
to epinephrine and norepinephrine in 8 control and 10 reserpinized dogs
are summarized in table 1.
pressure.

These values are expressed as mean arterial

In ever.y case, the pressure response was significantly higher

in the reserpinized dogs than in the control animals.
Figure

4 is

a tracing from a typical dose response experiment.

From this tracing it can be

clear~

seen that the heart force responses,

duration of force responses, and blood pressure responses to graded doses
of epinephrine and norepinephrine are

substantial~

greater in the animals

pretreated with reserpine,
Since in all of the preceding experiments, a different set of
animals was used for the controlland reserpinized dogs, it was decided

to run one series of experiments in which the reserpinized dogs would act
as their own control.

In this series blood pressure was the only parameter

measured since the dog bad to be kept for three da.,vs.

The responsiveness

to graded doses of norepinephrine and epinephrine was measured and then
the animals were given .1 mg/kg of reserpine intramuscularly tor two days
and then tested again with the same doses of the catechol amines.

A con-

trol group was also carried through the same procedure except for the re-

serpinization to Bee the effects of time on the responses obtained.

Table

8 compares the results obtained from the administration of doses of epinephrine and norepinephrine in five dogs before and after chronic reserpinization.

The responses obtained with the lower two doses of norepinephrine

were not found to be significantly altered after reserpine administration;
however, there is a highly significant potentiation to this amine after
reserpine with the larger doses.

A similar pattern of responses was ob-

TABLE 7

Comparison of Mean Blood Pressure Increments In Control and Reserpinized Dogs
After Intravenous Injections of Varying Doses of Epinephrine and
Values

Norepin€~la~ine.

.Mean
S.E.

Mean Blood Pressure Increments in mm. Hg.
Epinephrine

Norepinephrine

DOse
ue!kg

Control (8) *

Reserpinized (10)

p,

.05

11.5
3.1

29.2

.10

30 0 5

45.8

.6$

68.9

110.8

3.8

10.9

92.3
9.3

142.0

3.2

.50
1.00

*Number

3.3

4.6

13.0

of Experiments 1n Parentheses

.05

Control

Reserpinized

PC

11.9

.0S

19.'

24.9

.05

.01

39.1

70.9

.01

.01

64.9

117.0
11.2

.01

9.3r
3.3
~
t- • .~

4.4
5.9

1.4
3.7

6.4

DOSE- _RESOONSES

TO~NE .r..IN

C.ONJRQL

~N.ll

RESERPINIZED_ DDGS:

~

1-1-

•

\JII
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TABLE 8
Mean mood Pressure Responses to Norepinephrine and Epine,"..:hrine in Ibgs

Before and After Reserpinization*
Values - Mean

s.r.
After Reserpine

Before Reserpine

Do.e
ugm/kg

Norepinephrine

Epinephrine

Norepinephrine

.Os

23.2

11.6

.10

29.6

... 50
1.00

p~

Epinephrine

p~

34.2
3.7

.10

20.8

.10

5.5

5.4
14.0
5.9

43.6
3.8

.10

29.2

.05

58.2
4.1

32.6
7.2

112.6
1).7

.01

73.6

50.0

132.0

.01

4.3

4.)

8.8

9.8

1.4
1.7

70.2
108.0

8.$

*Reserpine given in a .1 mg/kg dose for two days in six dogs and the respOlUliyen••• measured on the following dq.

.01

7.9
.01

tained using epinephrine

flS

the testing agent e.xcept that there was also

a significant increase in the responsi veness Wi th the .1 microgm/kg dose

after reserpinization.
Table 9 compares the resul ts obtained from

4

c0ntrol animals

to which test doses of epinephrine and norepinephrine were ndrn:iniatered

on different days.

With all fODr doses of norepinephrine and epinephrine,

there was no significant difference seen between the responses obta.ined

on the last day from those obtained on the first da.y.
the p value was at least gre£::ter than

.25.

In

I003t

insta.nces
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Mean mood Pressure Responses to
\

r;~orepinephrine

and Epinephrine In Control

II

Animals On Different Days.*

,First Day

Fourth Day

Dose

m cro gny'k~

Norepinephrine

Epinephrine

Norepineehrine

Epinephrine

.05

19.0

12.5

,.2

20.0

4.$

12.8
3.8

.10

27.0

20.)

33.0

5.0

20.3
).2

.50

59.5

l.t4.0

68.3

11.3

10.9

3.5

44.5

55.0

88.7
12.7

4.4

4.6

79.5

14.4

4.0

12.1

1

3.3

71.0

6.8

*Blood Pressure responses were obtatned in five dogs. 'lhere was no statistical
significance between the responses obtained on the fourth day £rom th03. or the
fir.t day wi.th 8rv of the doses of epinephrine and norepinephrine used.
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Bein (51), in 1953, first noticed that after large intravenous
doses of reserpine that the pressor response to norepirepllrine was potentiated.

Later Plummer et &1 (17) reported that they found the pressor response
to norepinephrine to be significantly augmented after previous reserpine
treatment, but that the resp",1nsiveness to epinephrine was not significantly

altered.

In a later article these same authors, in a

mor~:

extensive study,

have shown, that by using two doses of these pressor amines that a dose

response curve can be drawn, and that the slop. of this curve in dogs
pretreated with reserpine is significantly different from those obtained
from control animals.

The,y also found in this series that there was no

significant difference in the responses obtained with ep.inephrine and
norepinephrine in the reserpinized animals although there was a trend toward
a greater augmentation in response to norepinephrine (52).

In the above

eases large doses of reserpine were used, in mO:.Jt instances 1 me/kg.

Recently Schaepdryver (27) has reported a series of experiments
in which small doses of reserpine were administered over a prolonged period
of tin..

He has found that a daily intramuscular dose of

50 microgm(kg

over a period of one week significantly enhanced the response to both
epinephrine and norepinephrine, but that doses as low as 7 microgm/kg for

a period ot two weeks caused only a small increment in the responsiveness

to these two amines.
In the present experiments, two different techniques were u$ed
to study the effects of reserpine on the responsiveness of the cardiovascular

s,ystem to epinephrine and norepinephrine.
In the first series the catechol amines were infused into control

-

1 -)
~

- --=-

and reserpinized dogs until a predetermined rise in heart contraotile
force was reached.

Blood samples were then drawn and the plasma amine

levels and rates of infusion compared.

It was found that the plasma con-

eentration necessary to raise the force of contraction

Wei;:;

significantly

less in the animals that had been pretreated with reserpine.

It was also

found that the infusion rates were significantly less in the reserpinized
doge when eompared with those of the control animals.

It is also of in-

terest to note that almost equal plasma levels of ei::,inephrine and norepinephrine were requ.ired to raise the heart contractile force to 150% above

control (Table 3).

This was found to be true for both the control and

the reserpin.ized groups.

This correlates with previous reports (5;,5l.t)

in wrd ch 1 t has been shown tha t equal do ses of epinephrine and norepine-

phrine elicit equivalent inotropic responses.
In the dose response experiments, several parameters were measured
80

as to give a more comprehensive

am11~S

qy

reserpine.

ana~sis

of the potentiation to catechol

Our results agree with previous reports in that the

pressor responses to epinephrine and norepinephrine are enhanced atter
reserpine (Table 7).

However, our results also show that the ~ocard1um.

beoomes sensitized to the amines as is evidenced by the augmented force
response in the reserpinized animals (Table

5). It was also noticed that

the duration ot the heart contractile force and blood pressure response
to these amines were also prolonged in the reserpinized dogB.

In order

to analyze this observation" areas of the heart force reSjjonses were
measured and comparisons made ]')etween the control and reserpinized animals.

The areas ot the responses elicited

qy the reserpinized animals were found

to be s1gnifi cantly greater than those obtained trom the control animals.

It should be noted also that the increase in area was due primarily to

an increase in the duration rather than to the maximuDl height reached.
In these experinl!nts there was no cons) 5tent difference in the degree

ot potentiation observed between epinephrine and norepinephrine after
reserpi ni zati on.

The mechanism by which this potentiation occurs is not known

at the present time.

Hilton (55) has shown that a similar degree of po-

tentiation can be obtained b,y lowering the s.ympathetic tone with spinal
blockade.

Since the a,ympathetic transmitter is depleted b.Y reserpine,

thereby decreasing the sympathetic tone, it would appear that this would
be a simple explanation.

However, recently Fleming and Trendelenberg

(,6) have shown that there is no relationship between the time of depletion of the sympathetic stores of catechol amines and the development

of hypersensitivity to doses of

norepinephrine.~

on the nictitating membrane of the cat.

These studies were performed

Axelrod (unpublished data) has

found that after injection of epinephrine and norepinephrine in reserpinized

dogs the plasma catechol levels remain elevated for a longer period of
time.

This is attributed to the inability of the tissues to bind and

store the amines after reserpinization.

If this decrease in binding act-

ivity occurs after the depletion ot the peripheral stores of catechol
amines, tr:is would explain the delay in potentiation to the amines as
reported by Fleming, and the in('..reased levels over a longer period of

time would explain the prolonged responses seen in reserpinized dogs.
The enhanced reaponses to

·~hese

amines after reserpinization

also has some degree ot clinical significance.

If epinephrine or nor-

epinephrine is given to a patient who has been receiving reserpine, there

is a possibility that the potentiated response to these am.ines m8¥ lead

-45to cardiac

arr~thmias

unless a close watch is kept on the blood pressure

and heart rate during the administration.
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SUMMARY

The effeets of reserpine on the cardiovascular responses to
exogenous epinephrine and norepinephrine have been studied.
In one series of experimenta, epinephrine and norepinephrine
were infused into control and reserpinized dogs until the heart contractile
force was increased to a previously designated level above control.

It

was found that the plasma levels and the rate of infusion of these amines
necessar,y to produce this increment were Significantly less in the reserpinized animals.

A more quanitative

stu~

was obtained by the intravenous

injection of graded doses of epinephrine and norepinephrine in control

and reserpinized dogs.

A differential comparison was then made by

analyzing responses obtained from such parameters as heart contractile
force, area of contractile force response and arterial blood pressure.

It

was found that in most instances the responses obtained from these parameters
were significantly enhanced in the dogs pretreated with reserpine.
In a third group of experiments, each reserpinized dog was used

as its own control.

Doses of epinephrine and norepinephrine were ad-

ministered before and after reserpinization, and blood pressure responses
were then compared.

It was observed that the responses obtained after

reserpinization were significantly higher when the two larger doses ot
these aminel were administered, while with the smaller doses no Significant
potentiation in responses were fa:. nd.

LIar or REFERENCES

(1)

J..

Ilteller, J. M., "Schlittler, E. and Be1n, H.
Reserpine,
dar Sedative'/ Wirkstorr aus Rauwolfia Serpentina Benth.
Exp.ri.nti~1 81.338,

(2)

1952.

.

5chli ttler , _:E., MacPhilla1T\Y, H. B., ' Dorfman, L. J Furlenme1er, A. J
Huebner, ·C. F" Lucas, R., Mueller, J. M., Schwyzer, R. and
St. Andr,~. A.
I
Chemistry of ,Rauwolfia Alkaloida, Including
ReserpiJl_. Ann. New York Acad. See S911.7, 1954.

r.

~ #' .

c.,

:,:,

•

Chopztt., R. N., Gupta, J.
and Mnkherjee, 1.1 The Pharmacological
. Action or al'l' Alkaloid Obtained from Rauwoltia Serpentina Benth.
Indian J. ,Me:? Res. 21s261-281, 1933.
,.

!'

(4) Siddiqui, S.

and Siddiqui, R. }I.aCh.mieal Examination of
the Root8 of Rauwolfia Serpentina Benth. J. Indian Chem.
Soo. 8,667, 1931.

(,) Blin, H.

J.t Erfeet. of Reserpine on the Functional Strata
of the Nervou8 a,yst••• "in" Garattini, S., and Ghatti, V••
P![chotroph1c Drug'. New York, Elsevier, 1957, 363-372.

(6)

Carl ••on, A., Rosengren, E., Bertler, A. and Nilsson, J.I
Effect or Re.erpine on the Metabolism ot Catechol !Edna_.
"in" Oarattini, S. and Ghetti, V.I P!1c,o~oph1c Drug••

Ne. York, Elsevier, 1957, 36)-372.
Muacholl, E. and Vogt, M. J

the Action of Reserpine on

s.,mpathetlc Ganglia. J. pqya101. 136.7P, 1957.
(8)
(9)

I

The Action of Reserpine on the

~P~e-r~ip~h~e-r~.l~S~t-mp-a~t~h-et~i~c-s.ystem.

J.

P~.iol.

1411132-155, 19,8.

Brodie, B. B., Prockop, P. J. and Shore, P. A.I An Interpretation or the Action of Ps.ychotropic Drug.. Postgrad.

Mad. 241296-303, 1958.

.

(10) Brodie, B. B. and Shore, p. A.I A Concept for a Role of
Serotonin and Norepinephrine as Chemical Med1ators in the Brain.
Ann. New York Acad. Se. 661631-642. 1957.
(ll)

(12)

Brod.ie, B. B., Spector, S. and Shore, P. A.s Interaction ot
Drugs with Norepinephrine in the Brain. Pharmacol. ReT.

11.548-564, 1959.
Hes., W. R.I IRs Zwi.chenhirn,

Syndrome, Lokalisationen,
Funktionen. ·Cited in" Brodi., B. Be, Spector, S. and Shore.
P. A.I Interaction of Drugs with Norepinephrine. Pharmacol.

Rev.

11.548-,64, 1959.

-48(1)

Holzbauer, M. and Vogt, M.a Depression by Reserpine of the Noradrenaline
Concentration in the ~pothalmuB of the Cat. J. Neurochem. 1:8, 1956.

(14)

Kroneberg, G. a.nd Schumann, H. J.t

Der Eintluss der Rauwolfia Al~lo1d.

Reserpin, Rescinamin und Canescin auf den Catechol-amingehalt des
Nebennierenmarkes. ftCi ted in" Mulcholl, E. and Vogt, M.I The Action
of Reserpine on the Peripheral Sympathetic System. J Pqysiol. 1411132155, 1958.
(15)

Orla,n., F. B., Finger, K. F. and Brodie, B. B.: Pharmaeologi cal Consequences
of the Selective Release of Peripheral Norepin~phrine qy ~osingopine

(SU )118).
(16)

Carlsson, A. J

J. Pharmacol. and Exper. Therap. 128.131-139, 1960.
The Occurrence, Distribution and Physiological Rille of Catechol-

amines in the Nervous System.

(17)

Pharmacol.

Rev. 111490-493, 1959.

Trapold, J. H., Plummer, A. J. and Yonkman, F. F.I Cardiovascular and Respirato~ Effects of Serpas11, a New Cr,ystalline Alkaloid from Rauwolfia
Serpent1na Benth, in the Dog. J. Pharmacal. and Exper. Therap. 1101205-

214, 1954.

(18)

Burn, J. H. and Rand, M. J.I Noradrenaline in Artery Walls and its Dispersal
b.r Reserpine, Brit. Mad. J. 1.903-908, 1958.

(19)

Bertler, A., Carlsson, A. and Rosengren, E.I Release by Reserpine of Catechol
Amines tram Rabbits' Hearts, "Cited in" Carlsson, A.I The Occurrence,
Distribution and Physiological Role of Catechol Aminel in the Nervous
S,ystem. Pharmacal. Rev. 111490-493, 1959.

(20)

Muscholl, E. and Vogt, M.: The Action of Reserpine on the Peripheral
~mpathet1c System. J. Physiol. 1411132-155, 1958.

(21)

Kroneberg J G. and Schumann, H. J.t Adrenalinsekretion and Adrenalinverarmung
dar Kan1nchennebern1eren nach Reserpin. Arch. Exp. Path u. Pharmakol.

234.133-145, 1958.
(22)

Call ingh am, B. A. and Mann, M.. Adrenaline and Noradrenaline Content ot
the Adrenal Gland of the Rat Following Depletion with Reserpine. Nature

1811423-424, 1958.
(23)

Coupland, R. E.I

The Effects of Insulin, Reserpine and Choline 2.6-Xylylether
Bromide on the Adrenal Medulla and on Medullary Autograits in the Rat.

J. Endocrin. 17.191-196, 1958.
(24)

Maling, H. M., Cohn, V. H. and HighImm, Bs The Effects or Coronary Occlusion
in Dogs Treated with Reserpi"-le and in Dogs Treated with Phenoxy-bentamine.
J. Pharmacol. and Exper. Therap. 1271229-235, 1959.

(2,)

Stewart, G. N. and Rogoff, J. M..

The Action of Drugs on the output
of Epinephrine trom the Adrenals. J. Pharmacol. and Exper, Therap.

131183-2ul, 1919.
~J

Woods, E. F. and Richardson, J. A.I Effects of Reserpine
on Adrenal Responses to Niootine. Proc. Soc. Exper. Biol. & Med. 10).
467-469, 1960.

(26)

Bagwell, E.

(27)

DeSchaepdr,yver, A. F.I ~ertensive Responses in Reserpinized Dogs.
Int. Pharrnacodyn. 12b:45-51, 1960.

(28)

B:>,nitace, K. J. J Brodie, O. J. and Walton, R. P.t Resistance strain Gauge
Arches for Direct Measurement of Heart Contractile Force in Animals.
Proc. Soc. Exper. BioI. &. Mad., 8b.263-266, 1;53.

Arch.

Cotten, M. DeV.r Circulatory Changes Affecting Measurement of Heart Force
in Situ with Strain Gauge Arches. Am. J. Physiol. 174,365-370" 1953.

()o)

Cotten, M. DeV. ancl Bay, E. * Direct Measurement of Changes in Cardiac

Contractile Force. Am. J. Pqys101. 187.122-134, 1956.

(31) Weil-Malherbe, H. and Bone, A. D.. The Chemical Estimation of Adrenaline
Like Substances in Blood. J. Biochem. 51: 311-)18, 19~2.

(32)

Richardson, J.

A.,

Richardson, A. K. and Brodie, O. J.I

Fluorimetric Deter-

mination of Epinephrine and 'Norepinephrine in Plasma. J. Lab. Clin. Med.

411832-834, 1956.
(33)

L.I

Chemical Quant1tation of

Springrleld, C1'iEirles
(34)

Woods, E. F. and Richardson, J. A.I

c.

Thomas,

A .jurvey ot Agents Producing Cardiovasculax

ManifeBtations of Epinephrine Discharge. J. Pharmacol. and Exper. Therap.

114.445-452, 1955.
(35)

Brown, R. V.a
by Graded

Dose·Response Curves tor the Blood Pressure Ettects Produced

00888

of L-Epin.,hrlne, a Commercial Epinephrine and L-Norepine-

phrine. J. Pharmacol.
(36)

am

Exper. Therap. 105s139-155, 1952.

Snedecor, Q. W.t Statistical Methods. Fifth Edition. ~~es, Iowa, The
Iowa State College Press, 195;, chapter 2, pages 45-65.
Cotten, M. DeV. and Moran, N. e.1 Effects of Increased Reflex Sympathetic
Activity on Contractile Force of the Heart. Am. J. Physiol. 1911461-468,

1957.

(38)

Trendelenberg, U. and Gra'V"enste1n, J.

S.,

Effects of Reserpine Pretreatment

on Stimulation of the Acoelerans Nerve of the Dog. Science 128,901-903, 1958.

-50(39)

Bertler, A., Carlsson, A., Lindqvist, M. and Magnusson, T.s On the
Catechol' Amine Levels in Blood Plasma After Stimulation of the
Sympathoadrenal System. "Cited in" Carlsson, A.I The Occurrence,
Distribution, and Physiological Role of Cateenolamin•• in the
Nervous System. Pharmacol. Rev. 11.490-493, 1959• .

(40)

Richardson, J. A., Wood., E. F. and Richardson, A. K.1 Plasma
Concentrations of Epinephrine and Norepinephrine During
Anesthesia. J. Phar ma co 1. and Exper. Therap. 1191318-384, 1957.

(41)

Coakley, C. S.. , Alpert, S. and Boling, J. 5.1

Circulatory Re-

sponses During Anesthesia of Patients on Rauwolfia Therapy.
J. A. M. A. 16111143-1144, 1956.
(42)

Belisle, C. A., Woods, E. F., Parker, E. F., Bunn, D. B. and
Richardson, J. A.. The Role of Epinephrine and Norepinephrine
in Rebound Cardiovascular Phenomena in Azygos now Stud.ies aId
Cardiopulmonary ~ass in Dogs. J. Thoracio and Cardiovascular

Surger.y. In Press.
Arterial Blood Epinephrine Levels Our 1ng Hemorrhagic
~otension in Dogs. Am. J. Physiol. 184.271-274, 1956.

(43)

Wat ts, D.. T.I

(bu)

Walton, R. P., Richardson, J. A. , walton, R. P., Jr. and Thompson,
w. L.I Sympa thet1c Influences OUr 1ng Hemorrhagic Hypotension.
Am. J. Physiol. 1971223-230, 1959.

(45)

Woods, E. F. and Richardson, J. A.I Effects of Acute Anoxia on
Cardiac Contractility. Am. J. Pqysiol. 1961203·206, 19,9.

(46) Gazes, P.

c.,

Richardson, J. A. and Woods, E. F.I Plasma Catechol
ADdne Concentrations in ~ocard1al Infarction and Angina Pectoris.
Circulation 191657-661, 19,9.

(47) Richardson, J. A., Woods, E. F. and Bagwell, E. E.I Circulating
Epinephrine and Norepinephrine in Coronary Occlusion. Cardiology.
In Press.
(48)

Harris, A. S. and Blateni, A.s Effects of Sympathetic Blockade
Drugs on Ventricular TaC~~Ardia Resulting from ~ocardial
Infarction. Am. J. Pnysiol. 181,,59-566, 19".

(49) Poole, T. R. and Watts, D. T.: Peripheral Blood Epinephrine Levels
in Dogs During Intravenous Infusion. Am. J. Phy.1ol. 196.145-148,
1959.

(50)

Thrower, W. B., Darby, T. D., Aldinger, E. E. , Tenney, J. M. and
Westbrook, S. H. t Studies ot the Relationship Bet•• en SympathoAdrenal Function, Acid Base Derangements and Ventricular Contractile
Force. Surgical Forum 10,535-,39, 1959

.,1(51) Bein, H. J.I

Zur Pbarmakologie des Reserpin, eines Neuen Alkaloids
aus Rauwolfia Serpent1na Benth. Experient1a 91107-110. 1953.

(,2) - Maxwell, R. A., B,ylweatrowicz, H., Plummer, A. J., Pova1ski, H. and
Schneider, F.: Differential Potentiation ot Norepinephrine and
Epinephrine by Cardiovascular and eNS-Active Agents. J. Pharmacal.
and Exper. Therap. 128s148-144, 1960.
(S3)

Goldberg, B. I., Cotten, M. DeV., Darb,y, T. D. and Howell, E. V.I
Comparative Heart Contractile Foree Effects ot Equipressor Doses of
Several S,ympathomirnet1e Amine&. J. Pharmacol. and Exper. Therap.
108,177-185, 1953.

(,4)

Cotten, M. neV. and Pinous,

s.:

Comparative Effect8 of a Wide Range

of Doses of L-Norepinephrine and of L-Epinephrine on the Contractile
Force of the Heart in Situ. J. Pharmacal. and Exper. Therap. 114:
110-118,

1955.

(,5) Hilton, J. G. and Reid, S. C.I Effects of Graded Doses of Epinephrine
and ~r Norepinephrine on Blood Pressure Before and Atter Total Spinal
Anesthesia. Am. J. Physiol. 186:289-293, 19$6.
(56)

Fleming, W: W. and Trendelenberg, U.: SupersensitiYity to Norepine)hril'lt
Arter Pretreatment wi th Reserpine. Fed. Proe. 19 J 264, 1960.

